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ABSTRACT 
Seven lithostratigraphic units (formations} composed dominantly 
of glacial sediment have been recognized in northeastern North Dakota. 
Three formations,. the Falconer Formation (Harris and others, 1974}, the 
Dahlen, and Gardar Formations (Salomon, 1975). have been previously 
recognized. Four formations, the Hansboro, Vang, Tiber and Cando For-
mations are newly recognized. Uncorrelated units of glacial sediment 
are described but not named. The formations are differentiated and 
correlated primarily by the proportion of crystalline (igneous and 
metamorphic rock fragments), carbonate, and sh.ale grains in the coarse-
sand fraction (1 · to 2 :mm) of the glacial sedi.me.."'l.t. The proportion of 
shale grains was. found to be the most us:e.ful criterion. Although all 
the formations are yariable over the area of study, their shale con-
tent can be generally characterized as follows: Cando Formation!> 
moderate to abundant; Tiber Formation, moderate; Vang Formation, 
sparse; Gardar Formation, abundant to very abundant; Dahlen Forma-
ti.on, moderate to abundant, Hansboro Formation, sparse to very 
sparse; and Falconer Formation~ sparse to very sparse. Thesa terms 
are defined as follows: very abundant, 80%-100%; abundant, 60%-80%; 
moderate, 40%-60%; sparse, 20%-40%; very sparse, 0%-20%. All the 
formations except the Tiber Formation generally contain more cry-
stalline than ·carbonate grains. The distri.bution of the formations 
in the area of study can be suimr.arized as follows: Cando Formation, 
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widespread in the west, patchy in the east; Tiber Formation, alisent in 
the west, patchy in the east; Vang Formation, patchy over the entire 
area; Gardar Formation!> fairly wi.despread over the entire area; Dahlen 
Formation, widespread over the entire area; Hansboro Formationwi.de-
spread in th.e west, absent in the east, and Falconer Formation, absent 




Area of Study 
The area of study is the northeastern corner of North Dakota. 
It is covered by the Devils Lake Quadrangle (1:250,000} a11d the part 
of the Thief River Falls Quadrangle west of the Red River (Figure 1). 
Most of the information presented, however, is on the eastern na.lf of 
the Devils Lake Quadrangle and the western fourth of the Thief River 
Falls Quadrangle. 
The study are.a is divided into two major geographic zones: 
the Drift Prairie to the west and the Red River Valley to the east, 
separated by the northwest-trending Pembina Escarpment. The Bedrock. 
under the Drift Prairie in this area is shale, primarily of the 
Pierre Formation. The Pembina Escarpment slopes to the east, with 
a drop in elevation of from 400 to 500 feet in a distance of 2 to 
7 miles. The bedrock under the Red River Valley is primarily lime-
stone and dolomite (.carbonate), with some sandstone, silstone> and 
shale, particularly along the western side. The topography of tne 
Drift Prairie and the Red River Valley is generally flat to rolling--
the only rugged topography occurs along the Pembina Escarpment and 





100° 99° 98° 
100° 99° 98° 
0 50 miles 100 miles 










Purpose of Study 
The purpose of this study was to develop a stratigraphic frame-
work to serve as a basis for understanding the Pleistocene history of 
the region and to serve as a basis for groundwater studies. Most of 
the good quality groundwater in North Dakota is obtained from Pleisto-
cene sediments 10 partLcularJ:v from sand .and gravel de.posited by melt-
water streams. These sand and gravel bodies can be most easily corre-
lated by placing them in a sequence of glacial sediments (tills), wh:Lch, 
because of their consisten~ lithologic character, canoe correlated 
over tens of thousands of square miles. 
Previous Work in Area 
Most of the counties in the area have been mapped geologically: 
Nelson and Walsh counties by Bluemle (1973), Pembina and Cavalier coun-
ties by Arndt (1975),, and Grand Forks County by Hanse.n and Kume (1970). 
In these works no attempt was made to distinguish formations in the 
glacial sediments, except in the appendix of the report on Cavalier 
and Pembina counties, where Salomon (1975) defined the Dahlen and 
Gardar Formations and recognized several previously defined units, 
including the Falconer Formation. She also noted several units 
lower in the section 10 calling them Units 1, A, B, C and D. 
Methods 
Sample Collection 
I collected surface samples during the summers of 1973 and 1974 10 
mostly from exposures along roads and streams. The exposures are most 
numerous along the Pembina Escarpment and the streams incised through 
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it. Core samples were obtained from Air Force engineering test borings; 
cuttings samples Yere obtained from North Dakota State Water Commission 
testholes. 
Sample Processing 
All samples selected were described; the lithology (till, silt, 
sand, etc.), color,~d general lithology of the pebbles and coarse sand 
were noted. The samples were analyzed for texture, using the Standard 
North Dakota Geolog~cal Survey sieve and pipette method (Moran, in prep-
arat~on) at first. During the study, the method was changed to the 
sieve and hydrometer method (Moran, in preparat:ton), which was faster 
and gave very similar results. 
Of the samples analyzed for texture, about half were analyzed 
for coarse sand; The 1 to 2. mni fraction was sieved from the rest of 
the sand and separated ·into four categories: crystalline, caroonate, 
shale, and miscellaneous grains. The proportions of crystall:ine, car-
bonate and shale grains were calculated for each sample, neglecting 
the miscellaneous grains; Crystalline grains are defined for this 
study as grains composed of quartz and igneous and metamorphic rocks 
(but not sedimentary rocks such as sandstone); carbonate grains are 
grains of limestone or dolomite, excluding secondary carbonate; shale 
grains are mostly gray shale of the Pierre Formation, but other types 
were also seen, in approximate order of abundance: calcareous, dark 
gray and whi.te mottled shale> probably of the Niobrara Formation; 
white shale and brown shale, formation unknown. I analyzed about 
450 samples of coarse sand and 1.•sed about 500 samples analyzed by 
Moran and others. 
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Formation boundaries were recognized in the field by field 
criteria and the gross lithology of the coarse-sand and pebble frac-
tions. Field criteria included color, gross texture, presence of 
joints, and presence of a boulder lag or a continuous layer of sand 
and gravel. Field criteria were much less useful in deterrnini:mg for-
mation boundaries in testholes, however. In testholes, formatiib.n 
boundaries were usually recognized by changes in texture and caarse-
sand lithology. 
The arithmetic mean of the texture and coarse-sand analyses 
within each unit at each. location was calculated; uni.ts we.re cmrre-
lated hy lith.ologic si:milari..ty and position in sequence. · TB.is infor-
mation is summarized on the .maps and cross-sections in Appendix A 
(Plates 1-14). 
Of the coarse-sand l?ercentages, shale content is the mast 
distinctive and useful in correlation. Therefore the coarse-sai.d 
data is expressed on the maps and cross-sections by two number~, 
shale and normalized crystalline. Normalized crystalline is a ieci-
mal fraction from zero to 1.00, the number of crystalline grai!lllS 
divided by the sum of crystalline and carbonate grains. Altho:wgh 
the normalized crystalline is somewhat 1n.ore cumbersome to calc:m!ate 
than a simple ratio, such as crystalline grains divided by car'!DC!>,nate 
grains, it has a conveniently narrow range of variation, instead of 
from zero to infinity. 
Availability of Basic Data 
Samples that were collected during this study are on file at 
the North Dakota Geological Survey in Grand Forks, North Dakota. 
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Sample numbers and sample locations are on Plate 1 in Appendix A. Film 
positives and extra copies of the plates are on file at tlie North Dakota 





T~ uni.ts. ara described in strat:tgraphi.c order (except that all 
,r 
uncorrelated units are described fi:rst) from the bottom up. All of the 
formations described below have been recognized and correlated on th~ 
basis of the glacial sediment (till) that they contain. I have gener-
ally followed Salomon's (1975) me.thod of assigning fluvi.al and lacus-
trine sediments and boulder and cobble accumulations to formations; 
layers of nonglaci.al sediment, except those that nave been defined as 
formations, are assigned to the overlying glacial sediment or, if there 
is none, to the underlying glacial sediment. Boulder pavements ara 
assigned to the underlying glacial sediment, or, if there is none, to 
the overlying glacial sediment. Boulder pavements are commonly flat-
tened and striated on the upper sides of the boulders. In this case 2 
they are called "soled" boulder pav~ments, because they were flattened 
by abrasion at the sole of a glacier. 
At many locations, a breccia composed of shale fragments and 
silt occurs above shale bedrock and below the lowest unit of glacial 
sediment. In calling this material a "breccia," I do not mean to 
imply that it is lithified. This mate.rial is called "crushed shale'' 
on the sample descriptions of the Air Force engineering testholes. 
It is assigned to the overlying glacial sediment. 
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This system is admittedly arbitrary, but it is at any rate con-
sistent. In the future it may be possible to assign nonglacial sedi-
ments to formations on the basis of lithology rather than position i.n 
sequence, but that is not attempted here. 
Unnamed Units 
At the base of the section in some holes and surface exposures 
there are layers of glacial sediment that cannot be correlated with any 
of the named formations. The thickness and lithology of these scat-
tered intervals are plotted on Plate 14. One unit, found in holes 
N-1910 and N-1912 (Plate 1, saml_'le. location map, Plate 3, cross-
section) i.s lithologi.cally similar to the Vang ;Formation (described 
below) but is definitely lower in the section, below the Cando For-
mation. It is probaoly correlative with the basal unit of glacial 
sediment exposed along the Sheyenne River in the Lisbon-Ft. Ransom 
area which Hobbs and others (in press) referred to as L.-Ft.R.-60. 
Another unit, found only in hole N-597 and outcrop N-1622 
(Plate 1, Plate 14) has an extremely low shale content for the area. 
Its position relative to the previ.ously described unit is not known, 
but it is probably older, since it is less widespread. 
Another uncorrelated unit is found between the Vang and the 
Dahlen Formations in one testhole, NDSWC 8830 (Plate 3). It is sandy 
and contains very little shale for this area. Because of its geo-
graphic position in the extreme west of the study area, and the lack 
of correlative units elsewhere in the area, I believe it to represent 
sediment from a glad.er which advanced into the area from the west. 
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Cando Formation (new) 
Source of name. The town of Cando, Towner County, North Dakota. 
~ ~· Towner County. 
~ section. I will not designate a type section at this time, 
since a type section, once selected, can never be changed. The presently-
known possibilities are poor choices for various reasons, and I believe 
that a good tY1?e section may be found within a year or two, not neces-
sarily in the present area of study. 
Reference sections. Gravel Canyon, gravel pit, N-3006, SW~N~~E\ 
sec 36 Tl63N R59W: 8 to 10 feet of till of the Cando Formation exposed 
under gravel of the Dahlen Formation. 
N-2046, road cut very close to Gravel Canyon, NE~, NW\ sec 36 
T163N R59W: about 3 feet o,f till of the Cando Formation exp.osed under 
till of the Gardar Formation, which underlies till of the Dahlen Forma-
tion. 
NDSWC Tes thole 8830, Stv1--i;SW1--i;SW1-1; sec 2 Tl55N R66W: 17 feet of 
till of the Cando Formation overlain by stratified drift and till of 
an unnamed unit, overlain by stratified drift and till of the Vang 
Formation (Plate 4). 
Testhole N..:.1913, N~NW\NE!i;: sec 27 Tl58N R66W: 5 feet of till 
of the Cando Formation overlies 34 feet of shale breccia of the Cando 
Formation over shale of the Pierre Formation, and underlies stratified 
drift and t:Ul of the Gardar Formation (Plate 3). 
Description. The Cando Formation is composed of pebble-loam 
(till), stratified drift, and shale breccia. Till of the Cando Forma-
tion is olive gray where unoxidized and buff to olive brown where 
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oxidized. The shale content of the coarse sand generally ranges from 
55% to 65%. The normalized crystalline ratio generally ranges from 
0.55 to 0.70, indicating that crystalline grains generally outnumber 
carbonate grains in the coarse sand fraction (Plate 13). 
Contacts. The Cando Formation rests in place on shale of the 
Pierre Formation and in places on older, unnamed glacial sediments. 
The Cando Formation is directly oyerlain by the Vang Formation in 
three locations and is overlain by an unnamed unit directly under the 
Vang Formation in one. place. The Cando Formation is also overlain by 
the Gardar and Dahlen Formations in several places. The Cando Forma-
tion is overlain by the Tiber Formation in one testhole, NDSWC 2934, 
SW~SW~SW1-~ sec 36 Tl56N R56W. This relationship provides tne only 
positive evidence that the Cando Formation is older than the Tiber 
Formation. However, the Cando Formation has never been found to 
overlie the Tiber Formation. 
Extent and Thickness, The Cando Formation is widely preserved 
in the subsurface in the western part of the area, appearing in all 
four studied testholes. It is exposed at the surface in several places 
near the Little South Pembina River (Plate 13) and has been found spo-
radically at other locations. The till portion of the Cando Formation 
is generally less than 20 feet thick; too little is presently known to 
make any furth.er generalizations. 
Differentiation. The Cando Formation can be differentiated from 
the Hansboro, Falconer, and Vang Formations by its greater abundance of 
shale, from the Tiber Formation by its lesser aoundance of carbonate 
grains, and from the Gardar Formation by its lesser abundance of shale, 
The Dahlen Formation contains less sh.ale than the Cando Formation in 
' i 
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the western part of the area, but more shale than the Cando Formation in 
the area of the Little South Pembina River. Thus, the Cando Formation 
can be distinguished from the. Dahlen Formation, apart from its strati-
graphic position, only by a study of the distribution of shale abundance 
in the Dahlen Formation (Plate 9). 
Origin. The Cando Formation consists of glacial sediment and a 
considerable amount of stratified drift. 
Age and correlation. The age of the. Cando Formation is unknown, 
and it has not been correlated beyond the area of study. 
Tiber Formation (new) 
Source of~· Tiber Township, Walsh County. 
~ area. Central and we.stern Walsh County. 
~ section. Surp;ise outcrop, N-1615, si/~Swl1;NW\ sec 20 Tl58N 
R57W, road cut into the valley of a tributary to the South Branch, Park 
River. Sixteen feet of till of the Tiber Formation exposed under till 
and stratified drift (sand and gravel) of the Gardar Formation. 
Reference sections. N-3014, NW!t;S~ sec 20 Tl58N R57W, road cut 
across the valley from th.e type section. About 22 feet of till of the 
Tiber Formation is exposed; both the top and bottom contacts are 
covered. A boulder accumulation is exposed 3 feet above the lowest 
exposed part, but it does not mark a contact, because the material 
below the boulders is till of the Tiber Formation. 
Testhole N-1300, SE\SE!.i;SE!.i; sec 22 Tl56N R56W. Till of the 
Tiber Formation is found from a depth of 200 feet to a depth of 
240 feet underneath till of the Gardar Formation. 
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Testhole N~S94, sec 24 Tl58N R55W. Till of the Tiber Formation 
is found from a depth of 90 feet to the bottom of the hole at 130 feet, 
under till of the Vang Formation (Plate 6). 
Description. Till of the Tiber Formation is light buff where 
oxidized and light gray where unoxidized. Iron and manganese stains 
are absent. Abundant light-colored carbonate pebbles form a lag on 
outcrop surfaces. The shale content of the coarse sand generally 
ranges from 45% to 60%, and the normalized crystalline ratio ranges 
from 0.36 to 0.50, indicating that it contains consistently wore car-
bonate than crystalline. grains (Plate 12). 
Contacts. The Tioer Fonnation overlies the Cando :Formation in 
one testhole (mentioned above) and overlies shale. bedrock. in some 
places. In most places, however, the oottom of the Tiner 'Formati.on is 
not exposed. The Tiber.Formation underlies the Vang Formation in three 
places, the Gardar Formation in five places, and the Dahlen Formation 
in two places. Thus, the stratigraphic position of the Tiber Fonnation 
relative to the Vang Formation is better established than that of the 
Tiber Formation relative to the Cando Formation. 
Extent and thickness. The Tiber Formation is most extensively 
preserved at the base 0£ the Pembina Escarpment in Walsh County, north-
ern Grand Forks and southern Pembina County. It is found sporadically 
in the eastern Drift Prairie, where it probably occupies buried valleys 
cut into bedrock. The Ti.be~ Formation has not been found in the west-
ern Drift Prairie; I am inclined to believe that the cause was non-
deposition rather than erosion, because the Vang and Cando Formations 
and earlier sediments are well-preserved in the area of thick drift 
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between Rolla and Devils Lake. Where the Tiber Formation occurs, it 
ranges in thickness from 5 to 45 feet. 
Differentiation. Till of the Tiber Formation generally con-
tains more carbonate than crystalline grains in the coarse-sand frac-
tion, or in some cases slightly more crystalline than carbonate grains. 
Till of all other formations generally contains significantly more 
crystalline than carbonate grains. In some places, till of the Fal-
coner and Gardar Formations contains more carbonate than crystalline 
grains. But till of the Falconer Formation contains much less shale, 
and till of the Gardar Formation more shale, than does till of the 
Tiber Formation. 
Origin. The Tiber Formtion consists of glacial sediment and 
a small amount of lacustrine sediment. The glacier that deposited the 
Tiber Formation advanced from the north-northeast, picking up abundant 
carbonate from the northern Red River Valley. 
~e and correlation. The age of the Tiber Formati.on is not 
known. It is correlated with a unit of glacial sediment exposed along 
the Sheyenne River Trench from Lisbon to Fort Ransom (Hobbs and others, 
in press). It is more tenuously correlated with unnamed Unit 2 (Harris, 
1975) in northwestern Minne~ota. The Tiber Formation is equivalent to 
Unit D of Salomon (1975). 
Vana Formation (new) 
Source of~· Hamlet of Vang, Cavalier County. 
~~· Eastern Cavalier County. 
~ section. Sprinke Site, N-2040, NE!t;S\,h sec 26 Tl63N R58W~ 
road cut into a tributary valley of the Pembina River. Twenty-two feet 
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of till of the Vang Formation are exposed under till of the Gardar For-
mation. A cobble and boulder accumulation occurs at the top of the Vang 
Formation. The bottom of the Vang Fonnation is not exposed at this out-
crop. 
Reference sections. Testhole N-2338> sec 27 Tl63N R58W> less 
than a mile from the type section. Seventeen feet of till and 6 feet 
of shale breccia of the Yang Formation overlies shale of the Pierre 
Formation and underlies 8 feet of till of the Dahlen Formation. 
Testhole N-i910, S~ SW~SE% sec 11 T163N R69W. Tnis hole con-
tains 15 feet of till of the. Vang Formation, overlain by till of the 
Gardar Formation and underlain by till of the Cando Formation (Plate 3). 
Description. At its type section and the nearby reference sec-
tion> the tili of the Vang Formation is sandy, buff where oxidized and 
light gray where unoxidized. Pebbles and cobbles of crystalline rocks 
are fairly abundant. At other locations, the till of the Yang Forma-
tion is not as sandy, but has th.a same general appearance. Coarse sand 
in the till of the Yang Formation contains little shale (from 25% to 
45%) (Plate 11). Crystalline grains are considerably more common than 
carbonate grains; the normalized crystalline ratio generally ranges 
from 0.60 to 0.75 (Plate 11). 
Contacts. The Vang Fonnation directly overlies shale of the 
Pierre Formation in six places, overlies the Cando and Tiber Forma-
tions in three places each, and overlies uncorrelated sediments in 
four places. In three places, the bottom of the Vang Formation was 
not reached. The Yang Formation is at the surface at one location; 
of the remaining locations it is overlain by the Dahlen and Gardar 
Formations in approximately equal numbers of locations. The Vang 
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Formation is not directly overlain by the Hansboro or Falconer Forma-
tions at any known location. 
Extent and thickness. The Vang Formation occurs sporadically 
over the entire area of study. It is generally fairly thin, 20 feet 
or less in thickness, but at NDSWC 8830, near Churchs Ferry, 40 feet 
of till of the Vang Formation overlies 110 feet of stratified drift 
of the Vang Formati.on (Plate 4). 
Differentiation. Till of the Vang Fonnation can be distin-
guished from till of the Dahlen, Gardar, Tiber, and Cando Formations 
by its lesser shale content. 'rill of the Vang Formation can Be dis-
tingu:Lshed from till of the Hansboro Formation by its. greater shale 
content and stratigraphic position and from till of the ;Falconer 
Formation by its stratigraphic position. 
Origin. The Vang .Formation contains glacial sediment and, 
locally, large amounts of stratified drift. The glacier th.at depo-
sited till of the Yang Formation advanced from the east and north-
east, bringing abundant crystalline sand from the Canadian Shield. 
Age and correlation. 'Ihe age of the Vang Formation is not 
known. It is correlated with a layer of glacial sediment exposed 
in the Sheyenne River Trench (Hobbs and others, in press), and with 
the Marcoux Formation in northwestern Minnesota (Harris, Moran, and 
Clayton, 1974). The Yang Formation is generally equivalent to Units 
B and C of Salomon (1975). 
Gardar Formation (Salomon, 1975) 
Description. Till of the Gardar Formation is olive brown where 
oxidized and olive gray where unoxidized. It is generally strongly 
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jointed and stained by oxides of iron and manganese. Shale fragments 
are very abundant; the shale content of the coarse sand generally 
ranges from 60% to 90% with extreme values of 38% and 95% (Plate 10). 
Crystalline grains are generally more common than carbonate grains. 
The normalized crystalline ratio generally ranges from 0.50 to 0.75. 
Subdivision. Along the bas.a of the Pembina Escarpment> from 
Edinburg to the southern edge of the study area, the Gardar Formation 
can be divided into an upper and a lower member. The lower member can 
be distinguished by its shale content, which is generally 10% to 15% 
less than the upper member (Plate 10). The upper member fon:is the full 
thickness of the Gardar Formation outside this area> and is equivalent 
to the Gardar of Salomon (1975). The lower member is equivalent to 
Salomon's Unit A. In places, the upper member is absent, and the lower 
member is recognized by its lower shale content relative to nearby sam-
ples of the upper member (Plate 10). 
Contacts. The Gardar Formation generally rests on older gla-
cial sediments in the Red River Valley and the western part of the 
Drift Prairie and on shale bedrock in the eastern part of the Drift 
Prairie and along the Pembina Escarpment. In places, such as N-2040, 
the type section of the. Vang, the Gardar Formation rests on a soled 
boulder pavement at the top of an older layer of glacial sediment. 
The Gardar Formation contains a soled boulder pavement at its oase 
in some places where it rests on shale of the Pierre Formation. The 
Gardar Formation occurs sporadically at the surface, but is generally 
overlain by the Dahlen formation, where it commonly contains a soled 
cobble and boulder pavement at its top. 
17 
Extent and thickness. The Gardar Fonnation is extensively dis-
tributed over the study area, but it is absent in several broad areas 
(Plate 10}. The Gardar Formation is much more commonly found than any 
older formation (Plates 10, 11, 12 and 13), which indicates a period of 
considerable erosion before the deposition of the Gardar Formation. 
The thickness of the Gardar Formation is variable, but soma generali-
zations can be made. Till of the Gardar Formation is generally less 
than 15 feet·thick over the Drift Prairie and the Pembina Escarpment 
and from 40 to over 100 feet thick at the base of the Pembina Escarp-
ment, particularly in the southern part of the study area (Plate 10). 
Differentiation. Till of the Gardar Formation can be differ-
entiated from till of any other formation by its abundant shale. 
Although some samples of till of the Gardar Formation contain less 
abundant shale than some samples of till from other formations, ti.11 
of the Gardar Formation contains more shale than till of any other 
formation at the same location. Shale abundance is different from 
place to place in each formation; the general pattern is strong 
decrease eastward fro:m th.e Pemoina Escarpment and small, variable 
decrease westward from the Pembina Escarpment. 
Origin. The Gardar Formation is composed of glacial sediment 
and some stratified drift. The ice that deposited the glacial sedi-
ment of the Gardar Formation advanced from the northwest, as indicated 
by striations on soled boulders beneath its base. 
Age and correlations. The age of the Gardar Formation is not 
known, but, like all the underlying formations, it is older than Late 
Wisconsinan. The Gardar Formation may have been deposited during the 
Napoleon Glaciation (Moran and others, in press). Clayton (1966) has 
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suggested that the Napoleon Glaciation was early Wisconsinan. The 
. Gardar Formation is correlated with glacial sediment (L.-Ft.R.-30) 
exposed along the Sheyenne River Trench between Lisbon and Ft. Ransom 
(Hobbs and others, in press), and with the St. Hilaire Formati.on in 
northwestern Minnesota (Harris and others, 1974) on the basis of 
shale abundance. 
Dahlen Formation (Salomon, 1975) 
Description. Till of the Dahlen '.Formation is generally· light 
brown where oxidized and medium to olive gray where unoxidized. It 
tends to be soft and friable to a depth of several feet oeloi;.r tne sur-
face and harder and blocky below. Iron- and manganese-oxide stains 
are common in areas where till of the Dahlen Formation contains abun-
dant shale. Shale content of the coarse sand of the till generally 
ranges from 40% to 80% (Plate 9). This range is uncommonly large. 
Crystalline grains are more common than carbonate grains in the 
coarse sand: the normali~ed crystalline ratio generaliy ranges 
from O. 55 to O. 65 (Plate 9). 
Contacts. The Dahlen Formation rests most commonly on till 
of the Gardar Formation. Wb.ere the Gardar Formation is absent, the 
Dahlen Formation rests on shale bedrock or older glacial sediments. 
A soled boulder pavement is commonly observed at the top of the Gardar 
Formation or older formations overlain by till of the Dahlen Formation. 
The Dahlen Formation commonly contains a boulder pavement at its· base 
where it overlies shale bedrock. Stri.ati.ons on these boulder pavements 
are generally aligned northwest-southeast. The Dahlen Formation is 
overlain by the Falconer Fonnation in parts of the Red Ri.ver Valley, 
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in some places separated from the Falconer Formation by laminated lake 
sediment of the Wylie Formation (Harris and others, 1974). In parts of 
the western Drift Prairie, the Dahlen Formation is overlain by till of 
the Hansboro Formation. 
Extent and thickness. The Dahlen Formation covers virtually 
the entire area. The till of the Dahlen Formation is generally from 
25 to 40 feet thick in the southern and western parts of the Drift 
Prairie, and generally from 5 to 15 feet thick in the northeastern 
part of the Drift Prai.rie and along the Pembina Escarpment. In the 
Red River Valley, till of the Dahlen Formation generally ranges in 
thickness from 15 to 50 feet (Plate 9). In areas where the Dahlen 
Formation is generally thin, particularly along the Pembina Escarp-
ment, till of the Dahlen Formation is absent in places or 1nay oe so 
thin that it is obscured by the soil horizon. In these places, the 
boulder pavement beneath the Dahlen Formation may be at the surface 
or covered by only a thin soil. 
In general, where till of the Dahlen Formation forms the sur-
face sediment, the Dahlen Formation is generally thickest where the 
surface hummocks are highest, and is generally thin in areas of flat 
surface topography. Although exceptions exist, this general ooserva-
tion supports the model developed by Clayton and Moran (1974) in A 
Glacial process-form model. This subject will be more fully discussed 
below. 
Differentiation. Till of the Dahlen Formation can be distin-
guished from till of the Vang, Falconer, and Hansboro Formations by 
its greater abundance of shale, from till of the Gardar Formation by 
its lesser abundance of shale, and from till of the Tiber Formation 
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by its greater abundance of crystalline grains relative to carbonate 
grains. Till of the Dahlen Formation can be distinguished from till of 
the Cando Formation by stratigraphic position and the distribution of 
shale abundance in the Dahlen Formation (Plate 9). 
Origin. The Dahlen Formation consists of glacial sediment and 
a small amount of fluvial and lacustrine sediment. The glacier that 
deposited the till of the Dahlen Formation advanced from the northwest, 
as indicated by striations on the boulder pavement, alignment of drum-
lins, and alignment of washboard moraines. 
Age and correlations. The Dahlen Formation includes the depo-
sits of the main Late Wisconsinan glaciation, which has been called the 
Lostwood Glaciation by Clayton (1972). The Dahlen Formation extends 
well to the south of the study area and is exposed along the Sheyenne 
River Trench (Hobbs and others, in press), where it is informally known 
as L.-Ft.R-20. The Dahlen Formation is correlated with the upper part 
of the Red Lake Falls '.Formation (Harris and others, 1974) on the oasis 
of shale content, but not with the lower part of the Red Lake Falls 
formation, which contains very little shale and was probably derived 
from a northeastern rather than northwestern source. 
Hansboro Formation (new) 
Source of name. The village of Hansboro, Towner County. 
~ area. The area east of the Turtle Mountains in northern 
North Dakota. 
~ section. I will not designate a type section for the 
Hansboro Formation at this time for the same reasons that I have not 
designated a type section for the Cando Formation; the present possi-
bilities are undesirable and a better location may soon be found. 
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Testhole N-1913, NE%.NW\NE~ sec 27 Tl58N 
R66W: 18 feet of clay of the Hansboro Formation underlain by 13 feet 
of till of the· Hansboro Formation underlain by 15 feet of sand and 
silt of the Hansboro Formation, underlain by till of the Dahlen For-
mation (Plate 3). 
N-3013, road cut and eroded ditch, Sl~NW!r, sec 30 Tl55N R67W: 
13 feet of till of the Hansboro Formation overlies till of the Dahlen 
Formation; the contact is obscure. 
Descriution. The Hansboro Formation consists of pebble-loam 
(till) and stratified drift. Till of the Hansboro Formation is simi-
in appearance to till of the Dahlen Formation: buff where oxidized, 
light gray where unoxidized, generally fissile and lacking iron-stained 
joints. The shale content of till of the Hansboro Formation is sparse, 
ranging from 17% to 27% in the coarse-sand fraction (Plate 8). Crystal-
line sand grains are considerably more common than carbonate grains: 
the normalized crystalline ratio ranges from 0.62 to 0.69 (Plate 8). 
Contacts. In all the locations where it has been studied> the 
Hansboro Formation rests directly on the Dahlen Formation. No forma-
tion has been observed resting on the Hansboro Formation. 
The Hansboro Formation occurs· widely in 
the western part of the Drift Prairie. Its boundaries are not well 
defined because of a scarcity of data points in the western half of 
the Drift Prairie. Where it occurs, the till portion of the ltansboro 
Formation is less than 15 feet thick (Plate 8). 
Differentiation. The Hansboro Formation can be distinguished 
from the Cando, Tiber> Vang, Dahlen, and Gardar Formations by the 
lesser abundance of shale in the till portion. The Hansboro Formation 
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can be distinguished from the Falconer Formation by its geographic posi-
tion: the Hansboro Formation occurs only in the western part of the 
study area; the Falconer Formation occurs only in the eastern part. 
There is a considerable area in the central part of the study area 
where neither occurs. 
Origin. The Hansboro Formation consists of glacial sediment 
and a minor am~t of stratified drift. Till of the Hansboro Forma-
tion, while quite low in shale for the present study area, was mapped 
by Deal (1971) as "Shale-rich 'till' east of the Turtle Mountains. n 
Deal indicates that the ice that deposited this till flowed south_ 
along the east side of the Turtle Mountains. To the west of the 
Turtle Mountains, the bedrock is composed of sandstone and siltstone, 
and the till in that area contains very little shale. 
correlation. The age of the Hansboro Formation is not 
known, but it is younger than the underlying Dahlen Formation. It was 
probably deposited by a readvance of the retreating late Wisconsinan 
glacier. This readvance may have corresponded to the readvance that 
deposited the Falconer Formation. My feeling is, however, that the 
Hansboro Formation is older than the Falconer Formation, because it 
covers a much larger area at a higher topographic position. It is 
possible that the readvance that deposited the Hansboro Formation was 
a reactivation of stagnant ice from the glacier which deposited t:ne 
Dahlen Formation. This would explain why the eastern of the 
Hansboro Formation does not correspond to any presently-known ice-
marginal position. 
The informal unit L.-Ft.R.-10, exposed above the Dahlen for-
mation in the Sheyenne River Trench (Hobbs and ot:hers, in press), is 
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similar to the Hansboro Formation in shale abundance and in strati-
graphic position. At present, too little is known of the area in 
between to permit a correlation. 
Falconer Formation (Harris and others, 1974} 
~cription. The Falconer Formation consists of pebble-loam 
(till) and a minor amount of sand and gravel. Till of the Falconer 
Formation is light brown where oxidized and medium gray where unoxi-
dized. At its western margin along the Edinburg Moraine, till of the 
Falconer Formation is similar in appearance to the underlying Dahlen 
Formation; to the east, where it is known from the subsurface, the 
till becomes much less sandy, contains much less shale, and more car-
bonate pebbles (Plate 8). 
Contacts·. Along its western margin, the :Falconer .Formation 
rests directly on the Dahlen Formation in places; the two formations 
are separated by a few feet of laminated clay of the Wylie Formation 
in other places. Farther east, the Wylie Formation separates the 
Pahlen and Falconer Fonnations at almost every location. The Fal-
coner Formation is commonly overlain by obscurely lanu.nated lacus-
trine clay of the Brenna Formation (Harris and others, 1974) in the 
deeper parts of glacial Lake Agassiz and by shoreline sand and gravel 
near the margin. In places within the general area of occurrence of 
the Falconer Formation, the Falconer Formation is absent (Plate 8), 
probably because of erosion by waves. 
Extent and thickness. The Falconer Formation generally extends 
from the eastern boundary of the study area to the Edinburg Moraine, or, 
north of Edinburg, approximately to the Pembina Escarpment. However, 
till of the Falconer Formation has been found in testholes more than 
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a mile west of the Edinburg Moraine, such as N-1305, east of Fordville 
(Plate 8). This indicates that, while the moraine may mark the general 
extent of the glacier which deposited the Falconer Formation, it does 
not mark the greatest extent. 
The full thickness of the Falconer Formation under the Edinburg 
Moraine has not been determined, but it is probably greater tlian 25 
feet. In thetouthern part of the study area, the Falconer Formation 
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is consistently about 20 feet thick where it is present (Plate 8). 
Differentiation. Till of the Falconer :FormatLon can oe di.stin-
guished from till of the Cando, Tibert Gardar, and Dahlen Formations by 
its lesser shale content, although the difference between the Dahlen 
and the ;Falconer Formations is not very great in some places. Till of 
the Vang Formation can be distinguished from till of the Falconer For-
mation primarily· by stratigraphic position. The Hansboro Formation can 
be distinguished from the Falconer Formation by geographic position. 
Origin. The Falconer Formation consists of glacial sedi.ment and 
some fluvial sediment. The glacier which deposited the peoble-loam of 
the Falconer Formation advanced from the north up the axis of the Red 
River Valley. 
Age and correlations. The Falconer Formation was deposited oy 
a late readvance of the retreating late Wisconsinan. glacier. Its age 
is greater than 13 500 B.P., based on radiocarbon dates in North Dakota 
(Moran and others, 1974). The Falconer Formation is laterally equiv-





The effects of glacial shearing have complicated the interpre-
tation of the stratigraphy in the area of study. In the preceding 
section on stratigraphy, it has been assumed for the sake of simplic-
ity that the units named are always in their original depositional 
order. However, glacial shearing has sometimes brought portions of 
an older formation to rest on a younger formation. In testhole N-601 
(Plate 5) for ex~mple, the uppermost sample (5.0 to 6.5 feet) has the 
composition of the Gardar Formation, samples from 10 to 33 feet have 
generally the composition of the Dahlen Formation, and samples from 
33 to 42. 5 feet have the composition of the Gardar Formation. (Till 
samples above 5 feet in depth were not recovered from Air Force engi-
neering test borings; thus, whatever material that occurs in the first 
sample is assumed to extend to the surface, for the purpose of making 
maps and cross-sections. Similarly, since complete cores were not 
recovered, formation boundaries were often drawn halfway between 
sampled intervals). 
Since repetition of section is a characteristic of thrust 
faulting, the above situation could justifiably be treated as a 
thrust fault. Harri.sand others (1974) described the Oppornockity 
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Section (exposed in the Red Lake River Trench) in that way, though they 
did not specifically call it an example of thrust faulting. 
Masses of shale breccia thrust up from below are rather common 
in the Dahlen Formation. For example, Texthole N-2341 (Plate 2) reveals 
r'"", 
two bclocks of shale breccia within the Dahlen Formation. In this case, 
shear ridges can be seen on the surface on airphotos, trending northeast-
southwest. 
Relationship Between Thickness and Surface 
Morphology of the Dahlen Formation in an 
Area Between Langdon and the 
International Boundary 
Introduction. The thickness of the Dahlen Formation is quite 
variable over the area of study (Plate 9) as is the surface morphology. 
The thickness observations over the whole area are too scattered to 
make detailed correlations between thickness and morphology, so I chose 
a smaller area for more detailed study. The smaller area comprises two 
15 minute quadrangles extending from the town of Langdon north to the 
International Boundary (Plate 15). This area is referred to below as 
the "Langdon area. 11 
Four types of morphology are found within this area, excluding 
postglacial erosional morphology: (1) shear ridges, (2) drumlins, (3) 
collapsed superglacial morphology, and (4) flat plains (Plate 15). 
Clayton and Moran (1974) have presented a glacial form-process 
model that deals with the origin of various glacial land forms. Accord-
ing to their model, shear ridges are of two kinds: (1) subglacial fea-
tures formed by thrusting and composed of preadvance sediment veneered 
by last-advance glacial sediment and (2) englacial features (washboard 
moraine) composed of glacial sediment of the last advance. Drumlins 
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are longitudinal shear marks formed at the glacier sole, composed of pre-
advance sediments veneered by glacial sediment of the last advance. Col-
lapsed superglacial morphology takes the form of hummocks and closed 
depressions with no strong preferred ori:entation, originated by mudflows 
down the s~s. of sinkholes on a stagnant melting glacier. The origin 
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of flat topography is not specifically dealt with in the model. Infer-
entially, flat topography is found in areas which were relatively flat 
before the last glacial advance, suffered little or no subglacial ero-
sion, on which the superglacial sediment is thin to absent. The model 
explicitly ignores the existence of subglacial till, which was held to ,, 
be lithologically indistinguishable from englacial or superglacial 
sediments. 
In general, the thickness of glacial sediment of the last 
advance, according to the model can be summarized as follows: in 
areas of subglacial thrus.ting, the glacial sediment of the last 
advance should be variable in thickness and should include. large 
blocks of pre-existing sediment; in areas of washboard moraine, the 
glacLal sediment of the last advance should be thin, not much thicker 
than the heights of the washboard ridges; in areas of superglacial 
collapse topography the thickness of the glacial sediment of the last 
advance should be about as great as the relative relief. In areas of 
drumlins and flat topography, the glacial sediment of the last advance 
should be thin and uniform. 
I am assuming that the thickness of the Dahlen Formation in 
this area is the same as the thickness of glacial sediment of the last 
advance. I assume this for the followi.ng reasons. No formation has 
been observed to overlie the Dahlan Formation in this area. The 
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Dahlen Formation in this area is composed largely of glacial sediment, 
containing only minor stratified drift and shale breccia. For the 
purpose of this detailed study, shale. breccia at the base of the Dah-
len Formation is not included in its thickness. 
The thickness of the Dahlen Formation, in feet, has been 
0 
plotted at numerous puints and contoured (Plate 15). The contours 
must be regarded as approximate, because the thickness can change 
greatly in a short distance, even within a single outcrop. Where 
space permits, and where a significant di.fference exists, Both a 
minimum and a maxi.mum figure are given; otherwise, the arithmetic 
mean is given. Surface exposures are marked X; auger holes are 
marked 0, testholes. are marked O with a solid center. Where the 
base of the Dahlen Formation was not observed or determined, a 
"greater than" (>) symbol was placed before the number indicating 
the greatest thickness observed. 
In the area of thin drift, most of the holes were drilled with 
a hand-held power auger. They were drilled until the auger stopped, 
either at bedrock (or a large boulder) or in water-saturated sediment 
below the water table. It was possible to distinguish holes which 
stopped at rock from those that bogged down in mud--the latter were 
marked with a "greater than" symbol(>). In the area of thin drift, 
the Dahlen Formation generally rests on shale of the Pierre Formation 
rather than older glacial sediment. 
Where the drift cover was more than 10 feet thick, the auger 
could not be used; some. testholes with core samples were available. By 
the use of the core samples and driller's logs, it was possible to dis-
tinguish till of the Dahlen Formation from older glacial sediments. 
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Area of shear ridges. Low-re.lief washboard moraine, with ridges 
about 3 feet high and trending northeast-southwest, dominate the eastern 
part of the area of shear ridges. The ridges are concave to the north-
west. In thi.s part of the area, the Dahlen Formation is locally absent; 
in places it is as much as 20 feet thick, out in most places it is from 
5 to 10 feet thi.ck. · This is somewhat thicker than would be expected 
from the model; the discrepancy probably lies in the model's failure to 
consider subglacial till. In order to reconcile the model with the 
observed thicknesses, one must postulate a layer of suBglacial till, 
uniformly about 6 feet thick. However, it should be emphasized at 
7 
this point that. in dozens of e::i....--posures in the Langdon area, no visual 
or lithologic break was observed, corresponding to the boundary between 
subglacial and superglacial till. 
In the western part of the area of shear ridges, the ridges are 
higher and broader but less well-defined. According to the 111odel, they 
are shear ridges partially masked by collapsed superglacial sediment. 
There are only t'\i.'D thickness observations in this part of the area, as 
it is undissected and the drift was too thick to drill through wi.th the 
auger. In one testhole, the Dahlen Formation is 20 feet thick, under-
lain by 6 feet of till of the Gardar Formation, underlain by shale 
(based on drillerts log and visual examination of the samples without 
grain counts). In the othar testhole, the Dahlen Formation is 104 feet 
thick (N-591, Plate 4). A block of shale breccia is included in this 
thickness, indicating considerable shearing activity, because shale 
breccia is usually found at the interface betw-een shale bedrock and 
glacial sediment •. Just off the map sheet to the west, testhole N-2341 
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(Plate 2), previously mentioned, penetrates two large masses of shale 
breccia that have been sheared up into the Dahlen Formation. 
Area of collapsed superglacial morphology. The distinction 
between this area and the western part of the area of shear ridges is 
that the area of collapsed superglacial 111orphology shows no strong 
preferred orientations. There are some vague features aligned to the 
northeast-southwe.st that may be partly buried shear ridges and some 
slightly sinuous. ridges trending northwest-southeast that are prob-
ably eskers. The western part of the area of shear ridges contains 
eskers and some collapsed superglacial topography, also, so the two 
areas are gradati.onal to one another. 
The area of collapsed superglacial topography is little-
dissected by .streams; consequently thickness observations are sparse 
and are commonly minimum figures. The available data indicate, how-
ever, that the thickness of the Dahlen Formation ranges generally 
from 10 feet to 20 feet. 
The relative relief of the area is generally 10 to 15 feet. 
According to the model, the thickness of the superglacial sediment 
should average 10 to 15 feet; the predicted value f i.ts the observed 
value fairly well; a slightly batter fit would result from postulat-
ing a uniform layer of about 5 feet of subglacial till underlying the 
superglacial sediment. 
Area drumlins. The area of drumlins falls into three sub-
areas: (1) a large area of streamlined hills and elongated depressi.ons 
north and east of Langdon, in which the topography is aligned northwest-
southeast, (2) a small area west of Langdon with similar topography, and 
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(3) a small area to the east of the subarea (1) in which the alignment is 
northeast-southwest. 
The hills are composed of shale of the Pierre Formation, mantled 
by glacial sediment of the Dahlen Formation. The Dahlen Formation is 
commonly 6 to 7 feet in thickness (Plate 15) with extreme values of 3 
and 18 feet. The thickness of the Dahlen Formation is significantly 
less than the relative relief, which ranges generally from 15 feet to 
40 feet. 
All of the drumlins were fanned during the last ice advance 
except the drumlins which are aligned to the northeast-southwest. They 
are lower and less steep than the other drumlins and are composed of 
shale with a thin (3 feet) cover of till of the Dahlen Formation. Judg-
ing by their orientation, they must have been formed during the glacial 
advance that deposited the Vang or the Tiber Formation. 
Two of the highest and steepest drumlins (sections 1 and 2, 
about 1 mile north-northeast of Langdon, Plate 15) are just southeast, 
and thus doymglacier, from depressions of about the same size as the 
hills. The hills are probably blocks of bedrock which were picked up 
by the glacier, transported about a mile, dropped, and then stream-
lined by abrasion. Bluelllle (1970) has reported similar phenomena in 
Sheridan and McLean counties, North Dakota. 
Hummocks of the sort found in areas of superglacial collapse 
topography are absent or very low in the area of drumlins. This agre.es 
with the prediction of the form-process model that superglacial sedi-
ment is thin to absent in areas of drumlins. Most of the thickness of 
the Dahlen Formation in this area is probably composed of subglacial 
till. In fac.t, the thickness of the Dahlen Formation in the area of 
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drumlins is about: the same as the thickness of subglacial till that must 
be postulated in the area of washboard moraines and collapsed supergla-
cial topography in order to satisfy the model. 
Area Flat ~ins. The area of flat plains most closely 
resembles the area of drumlins, except that there is less relief and 
little or no alignment of topography. Superglacial collapse hummocks 
are also absent. According to the model, superglacial sediment should 
be thin to absent in this area. 
The thickness of the Dahlen Formation generally ranges from 6 
feet to 10 feet in this area (Plate 15), with extreme values of 2 feet 
and 60 feet. The latter figure is quite incongruent with the general 
thickness in this area. Since there are no certain thickness observa-
tions closer than 4 miles in any direction, it is not known ,vhetner the 
60 feet observation represents a buried valley or a broad area of thick 
drift. I think that a buried valley is a more probaole explanation; 
this location is not far from the Pembina Escarpment, and during every 
ice-free period there must have been numerous streams cut through the 
Escarpment. Small buried valleys can be seen now in the area of the 
Pembina Escarpment where they have been cut through at an angle by a 
modern valley. If the hole in question does indeed penetrate a buried 
valley, it must be an old one. The Dahlen Formation overlies till and 
silt of the Tiber Formation in the hole, so the valley must have been 
cut prior to the ice advance which deposited the Tiber Formation. 
All or nearly all of the thickness of the Dahlen Formation in 
the area of flat plains is subglacial till, as is the case in the area 
of drumlins. The main difference between the area of drumlins and the 
area of flat plains was whether or not the glacier was eroding at its 
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sole. In general, the area of drumlins is topographically higher than 
adjacent areas of flat plains. This may explain the difference in ero-
sion. Another possibility suggested by the model is that the pore-water 
pressure under the glacier s.ole was dissipated in the area of drumlins, 
causing the weight of the glacier to rest on the substrate and causing 
erosion. Under the areas of flat plains,. the pore-water pressure was 
not dissipated, the glacier's weight was supported by the water, and 
little erosion occurred. There is no way of testing this hypothesis 
with the data at hand. 
Conclusions. In general, the glacial form-process model fits 
the observed morphology and thickness of the Dahlen Formation in the 
Langdon area if a relatively uniform layer of subglacial till about 
5 feet thick is postulated to cover the entire area. 
Summary 
Repeated Pleistocene glaciations of northeastern North Dakota 
have left numerous layers of glacial sediment and glacier-related 
fluvial and lacustrine sediment. On the basis of present knowledge 
of the area, some of these sediments can be grouped into seven dis-
tinct formations: The Cando, Tiber, Vang, Gardar, Dahlen, Hansboro 
and Falconer Formations. Further study of the area will -make it pos-
sible to define several more formations from the at present uncorre.-
lated sediments at the base of the section. 
The general distribution of these formations i..s as follows. The 
western part of th~ Drift Prairie is underlain by sediments of the Hans-
boro, Dahlen, Gardar, Vang, and Cando Formations and consideraole drift 
from unnamed units. The eastern part of the Drift Prairie and the Pem-
bina Escarpment is underlain by sediments of the Dahlen and Gardar 
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Formations resting on bedrock, underlain locally by sediments of other 
formations and unnamed units. The Red River Valley is underlain by 
sediments of the Falconer, Dahlen, Gardar, Vang, and Tiber Formations, 
overlain by sediments of glacial Lake Agassiz. 
The age of the Hansboro, Falconer, and Dahlen Formations is 
late Wisconsinan. The age of the Gardar Formation i._s probaoly early 
Wisconsinan. The ages of the underlying formations are unknown, but 
are probably pre-Wisconsinan. 
The study of the Pleistocene stratigraphy is of value for the 
purpose of conducting groundwater studies in this area. The till and 
lacustrine sediments of these formations are aquitards; the fluvi.al 
sediments are aquifers. The fluvial sand and gravel gene.rally occurs 
in the lower part of formations, as defined. Groundwater will tend 
to flow within a formation unless sand and gravel from two forma-
tions are in contact. For example, sand and gravel of the Dahlen 
Formation is more likely to be in hydrologic continuity with sand 
and gravel of the Dahlen Formation at another location than wi.th 
sand and gravel of the Gardar Formation. Thus, in a sequence of 
sediments, glacial sediments are at the same time aquitards and 
marker beds. 
A second contribution of the present study to future ground-
water studies is the testing and general confirmation of the Clayton-
Moran form-process model, which provides a means of predLcting the 
thickness of the surface layer of glacial sediment on the basis of 
surface morphology, which can be rapidly determined by a study of 
existing topographic maps and airphotos. Using the model, it is 
possible to determine the thickness of the surface layer of glacial 
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sediment over large areas, with relatively few testholes for confir-
mation. This capability can be used for preliminary assessment of 







FURTHER EXPLANATION OF MAPS AND CROSS-SECTIONS 
Plate 7, Location map for samples and cross-sections: X repre-
sents surface exposures, 0 represents testholes (on this and all other 
maps). Numbers beginning with N are part of the North Dakota Geologi-
cal Survey sample numbering system. Numbers without a prefix {there 
are only a few of these) are part of the North Dakota State Water 
Commission sample numbering system. Dark lines represent the trace 
of the crass-sections. 
Plate 8, Thickness and lithology of the Falconer and Hansboro 
Formations: · sample locations in the east part of the 1nap are .of the 
Falconer Formation, in the west part, of the Hansboro Formation. Num-
bers above the sample location symbols represent the tlii.ckness~ in 
feet, of the till part of the format.ion at that locati.on, on th.is and 
all other maps. Numbers below the symbols represent the lithology of 
the coarse sand of the till at that location (the arith.i~etic mean of 
all samples). At a given location, the number to the right is the 
percentage of shale; the number to the left is the norma.li.zed cry-
stalline ratio, explained in the Introduction. 
Shale percentage of the Falconer Formation is contoured; the 
contour interval is 10%. The purpose of the contour lines is to make 
the trend of sh~le abundance more visible. The shale percentage of 
the Hansboro Formation is not contoured. 
Plate 9> Thickness and lithology of the Dahlen Formation; the 
symbols are the same as on the preceding map, except that the symBols 
36 
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"greater than" (>) and "less than(<) are placed before the thickness 
figures in some places. 
Plate 10, Thickness and lithology of the Gardar Formation: the 
symbols are the same as on the preceding map except that the thickness 
and lithology of the lower member is symbolized to the right of the 
samp.le location symbol, enclosed by a circle. In places where the 
upper m.ember is absent and the lower member is present, the thickness 
and lithology of the lower member is symbolized in the same manner as 
the upper member, with an asterisk to the right. The contour lines 
on this map represent only the upper member. 
In a number of locations on Plate 10, the Gardar Formation is 
marked "absent." This was done so that the reader could distinguish 
between areas in which the Gardar Formation is known to be absent and 
areas in which there is no information. 
Plate 11, Thickness and lithology of the Vang Formation: the 
symbols are the same as on the preceding :map, except that tha Vang For-
mation is not marked where it is absent, because it is absent in a 
large majority of locations. 
Plate 12, Thickness and lithology of the Tiber Formation: the 
symbols are the same as on the preceding map, except that the shale 
abundance is not contoured. 
Plate 13, Thickness and lithology of the Cando Fonnation: the 
symbols are the same as on the preceding map. 
Plate 14, Thickness and lithology of various uncorrelated units: 
the symbols are the same as on the preceding map, except that, where two 
different uncorrelated units are found in the same hole, the thickness 
and lithology of the lower unit is symbolized to the right of the sample 
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location symbol, in the same manner that the lower member of the Gardar 
Formation was symbolized. 
All of the units on this map are stratigraphically lower than 
the named and correlated units presented in Plates 8-13. One uncorre-
lated unit, found in NDSWC 8830 (Plate 3) is not included on this map 
because its stratigraphic position is between the Dahlen and Vang 
Formations. 
Plate 15, Thickness and surface morphology of the Dahlen For-
mation in an area from Langdon, North Dale.eta, to the International 
Boundary: the symbols are explained in the discussion. 
APPENDIX B 
DATA Sill-~IARY AND BASIC DATA 
Basic data-textures and coarse-sand analyses used in the com-
pliation of this report are contained in a pocket with this report. 
The information is in ascending order of location ntnnbers, all of 
which are n-numbers, except 8830 and 8780, whi.ch are NDSWC numbers. 
Within one location, samples are in ascending order of sample numoer 
or letter, which may be in normal or reverse order of depth. Data 
from locations in which only one sample was taken is not included; 
the coarse-sand data can be directly read from the map of the appro-
priate formation. Where samples are of intervals, the top of the 
interval is given as the depth. The figures for texture and coarse-
sand lithology have been rounded to the nearest whole percentage, 
which has caused some small discrepancies. For example, tlie per-
centages sometimes add up to 99% or 101%. 
The texture and coarse-sand lithology of each. of the forma-
tions are summarized in Table 1. The figures are not averages of all 
of the existing data, because any such average would be highly sensi-
tive to the sampling pattern. In general, more samples were taken 
from shale-rich areas than sh.ale-poor areas. The figures can be 
described as "area-weighted medians" and are not intended to be 
exact, but to present the characteristics of each formation in as 




TEXTURE AND COARSE--SAND LITHOLOGY OF GLACIAL SEDD1ENTS ('.CILL) 
IN THE AREA OF STUDY 
Formation Sand Silt Clay Crystalline Carbonate Shale 
Hansboro Formation 28 38 34 50 27 23 
Falconer Formation 29 33 38 42 34 24 
Dahlen Formation 29 44 27 26 19 55 
Gardar Formation 32 42 26 10 8 82 
Vang Formation 34 35 31 40 25 3.5 
Tiber Formation 27 38 35 21 28 51 
Cando Formati.on 35 41 24 25 16 59 
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TABLE 1 
TEXTURE AND COARSE--SAND LITHOLOGY OF GLACIAL SEDIMENTS (TILL1 
IN THE AREA OF STUDY 
Formation Sand Silt Clay Crystalline Carbonate Shale 
Hansboro Formation 28 38 34 50 27 23 
Falconer Formation 29 33 38 42 34 24 
Dahlen Formation 29 44 27 26 19 55 
Gardar Formation 32 42 26 10 8 82 
Vang Formation 34 35 31 40 25 35 
Tiber Formation 27 38 35 21 28 51 
Cando Formation 35. 41 24 25 16 59 
Texture figures are percentages of total sand~ silt and clay, 
excluding gravel. Coarse-sand lithology figures are percentages of 
total crystalline~ carbonate and shale, excluding miscellaneous grains. 
Figures are area-weighted medians--cansiderable variation from the 
median exists iri all formations. 
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Depth in feet 
H 
D 
26 55 19 
.65 17 --------------
29 47 24 
.59 44 






--------- - ----------34 41 25 
.67 36 
-- - -- --- --- - -- -- - --- --- -- -- --- --- --- --- -
35 45 26 
.72 58 
- - ----- - ----- --------- -- -
17 46 37 
.68 43 
35 47 18 
.64 42 NOTE• 
D I STANCE BETWEEN ASTERISKS HAS BEEN 







N-2341 N- 610 N-2330 N-2329 N-2046 
N-2338 















~ (11) 20 55 25 
EJ .46 66 
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St rot 1graph_1c lJn,k 
HANS80RC' FORMAT 101\J 
FA l CO NER FORM ATll')N 
DAHLEN FOR MA T IC N 
GARDAR FOR MATION 
VANG FORMAT ION 
TIBE R FORMAT ION 
C AN DO FORMAT ION 
UNNAMED UN IT S 
[f} PIERRE FORMA T10r-.. 
LI t ho'og 1c Symb<,ls 
D PEBBLE - LOAM ( TILL) 
~ GRAVEL 
D SAN O 
Q SI LT 
~ CLAY 
fa SHALE BRECC IA 
§ SHALE 
. 71 83 J, J,.64 70 
(6)23 67 10 ID 
DI .62 82 
D \21)40 47 14 . 
.62 78 D 1 
(6) 40 40 20 
DI .64 45 Gl'l9)4438 19 G (13)2745 2 
.8590 .63 88 
cl(~337 221V l (1_~6 5 201 
E X P LANATION 
N um be rs to Right of Columns 
UPPER NUMBER IN EACH PAIR 
REPRESENTS TEXTURE: 
(GRAVEL), SAND, SILT, CLAY 
SAND SILT CLAY "100 °/o 
LOWER NUMBER IN EACH PAIR 
REPRESENTS LITHOLOGY OF THE 
COARSE SAND (l-2mm) 
NORMALIZED CRYSTALLINE,S HALE 
ABOVE FIGURES ARE ARITHMETIC 
MEANS OF ALL SAMP LES WITHIN 
AN INTERV AL,G(NERALL Y OF 
1 
PEBBLE- LOAM. A F E W LITHOLOGY 
I 
FIGURES FROM SAND AND GRAVEL 
INTERVALS ARE IN CLUDED,1 T EXTURE 
DATA FOR SANO ANO GR AVEL . 
INTERVALS NOT INCLUDE D. 
H OR I ZONTAL SCALE 1:250,000 
DATUM GROUND SURFACE 
IG 
EAST 
(30) 45 35 20 
.88 95 
\ 
(20) 28 52 i1 
N-1287 
·--· ·--· ·--· ·--· ·--· ·--· 
:.:' ·-
- · ·--· . --· ·--· ·--· ·--· ·--· ·-- · . --· ·--· 
:.-: I ·-
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- . -~, .. 
















Depth in feet 
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26 55 19 
H .65 17 
20 
D 





80 .72 58 
-· ·-- · ·-- · ·-- · ·--· 
100 -




----140 - 35 47 ,a- --
? -.69 42 ----
160 -














Depth in feet 
N-1912 
D 23 40 37 
. 58 43 
27 33 
64 
V 30 39 31 
·--· -· 
C 55 31 14 
.61 60 
? 
·--· ·--· ·-- · ·--· ·--· ·--· ·-- · ·--· -- ·--· - ·--· ·--· 
EXPLANATION 
Numbers to Right of Columns 
. 
UPPER NUMBER IN EACH PAIR 
REPRESENTS TEXTURE: 
(GRAVEL), SANO, StLT, CLAY 
SANO + SILT + CLAY = 100 °/o 
LOWER NUMBER IN EACH PAIR 
REPRESENTS LITHOLOGY OF THE 
COARSE SANO ( I- 2 mm) 
NORMA ZED CRYSTALLINE, SHALE 
A80VE FIGURES ARE ARITHMETIC 
E·ANS OF ALL SAMPLES WITHIN 
FIGURES F.'tD~ SANO AND GRAVEL 




36 34 10 
H .63 27 
22 55 25 
D 
G 22 55 25 
.67 83 











H (3) 21 29 50 
.63 26 
D 
(II) 40 37 22 
.63 45 
.. 
? (10) 47 36 17 
.62 19 
V 






-· ·--· ·--· ·--· ·-- . ·--· ·-









·--· ·--· ·-- · ·--· ·-- · 
.64 31 






















Depth in feet 



















(3) 21 29 50 
H .63 
D 




V .64 37 










7 .63 34 
17 
(12 45 32 22 
C . 3 54 
N-597 N-596 N-1229 N-1228 N -616 N-1274 N-590 N-2326 
D (5)33 42 3 
(8)333630 .59 33 D (7)29 46 25 
.62 36 D 
(6) 25 53 22 
.60 41 








GARDAR FORMAT ION 
v VANG FORMATION 




(!I PIERRE FORMATION 
, Lithologic Symbols 
















Numbers to Right of Columns 
UPPER NUMBER IN EACH PAIR 
REPRESENTS TEXTURE: • 
(GRAVEL), SAND, SILT, CLAY 
SANO+ SILT+ CLAY = 100 c/o 
LOWER NUMBER IN EACH PAIR 
REPRESENTS LITHOLOGY OF THE 
COARSE SAND ( 1- 2 mm) 
NORMALIZED CRYSTALLINE,SHAL£ 
ABOVE FIGURES ARE ARITHMETIC 
MEANS OF ALL SAMPLES Wl"tHIN 
AN INTERV ~~GENERALLY OF 
PEBBLE-LOAM. A FEW LtTtfOLOGY 
FfGURES FROM SAM-0 ANO GRAVEt 
• 
.56 67 
1•TEBVAl$ ARE INCLU..0£0, TEXTOR£ 
DATA FOR SA"ND ANO GRAVEL 
INT£R\l'AtS NOT 
L SCALE 1:250~000 
EAST 
N-610 N-591 
D (G) 4 0 4o 2 (12) 28 38 33 
.64 45 D _56 60 
D 

















300 - - 300 
320 - - 320 
Depth in feet Depth in feet 
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-· ·--· ·--· ·--· 
(3) 21 29 5 
(11)403722 
. 63 45 
(10)473617 
.62 19 
(8) 37 32 31 





(30) 44 37 19 
.63 39 
.62 41 









(6) 35 35 30 
D .51 53 
G 5 29 35 
.56 















[BJ HANSBORO FORMATION 
(f] FALCONER FORMATION 
[Q) DAHLEN FORMATION 
@) GARDAR FORMATION 
[yJ VANG FORMATION 
[II TIBER FORMATION 
(I] CANDO FORMATION 
(I] UNNAMED UNITS 
~ PIERRE FORMATION 
Lithologic Symbols 






~ •SHALE BRECCIA 
§ SHALE 
N-601 N-575 
G (2)36 3727 
.65 70 
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EXPLANATION 
• 
Number to Right of Columns 
UPPER NUMBER IN EACH PAIR 
REPRESENTS TEXTURE: 
(GRAVEL), SANO, SILT, CLAY 
: . 
SAND+ SILT+ CLAY = 100 °/o 
, LOWER NUMBER IN EACH PAIR 
REPRESENTS LITHOLOGY OF THE 
COARSE SAND ( I- 2 mm) 
N0RMAU2£h CRYSTALLINE, SHALE 
ABOVE FIGURES ARE ARITHMETIC 
MEANS OF ALL SAMPLES WITHIN 
AN INT~RVAL,GENERALLV OF 
' PEBBLE- LOAM. A FEW LITHOLOGY 
FIGURES ,FROM SANO ANO GRAVEL 
INTERVA,LS ARE INCLUDED; TEXTURE 
DATA FOR SAND AND GRAVEL 
INTERVALS NOT INCLUDED. 
HORIZONTAL SCALE 1:250,000 








(6) 29 48 22 
.58 49 
AT TESTHOLES N-604 AND N-268 THE 
GARDAR FORMATION HAS BEEN DIVIDED 
INTO AN UPPER (U) AND A LOWER ( I) 
MEMBER 
EAST 
N-604 N-268 N-258 N-270 
(7) 36 4 
G .58 72 
u 
G(5)30373 










20)39471 . ..: 
.62 25 :-.: 
-· 
15) 31 54 I :-.; 





(3/o 38 37 25 
.16 44 
I 
(9) 26 44 30 
F .58 15 
(10) 28 36 37 
D .52 36 



















Depth 1n feet 













... . . 
G 
C 
Depth in feet 
36 54 10 
.63 27 
22 55 25 
.67 83 




(7) 36 37 28 
.61 34 
DI STANCE BETWEEN ASTERISKS HAS BEEN 
DOUBLED FOR EASIER READING 
AT TESTHOLE N-1306 THE GARDAR FORMATION 
HAS BEEN DIVIDED INTO AN UPPER (U) AND A 
LOWER ( I) MEMBER 
* * 
N- 616 N-1233 N- 1232 N-2032 N-1622 N-1615 N-1616 
(10) 34 36 30 
D .58 36 
(29) 32 41 8 
G .48 8 
St rat 1graph1c Un its 
IE] HANSBORO FORMATION 
[IJ FALCONER FORMATION 
(Q] DAHLEN FORMATION 
ill] GARDAR FORMATION 
(yJ VANG FORMATION 
(TI TIBER FORMATION 
[cl CANDO FORMATION 
OJ UNNAMED UNITS 
(E} PIERRE FORMATION 
Lithologic Symbols 





~ SHALE BRECC IA 
§ SHALE 
(8) 37 49 13 
(5) 24 5718 6349 
EXPLANATION 
Numbers to Right of Columns 
UPPER NUMBER IN EACH PAIR 
REPRESENTS TEXTURE : 
(GRAVEL), SAND, SILT, CLAY 
SAND SILT CLAY :: 100 °/o 
LOWER NUMBER IN EACH PAIR 
REPRESENTS LITHOLOGY OF THE 
COARSE SAND (l-2mm) 
NORMALIZED CRYSTALLINE: , SHALE 
ABOVE FIGURES ARE ARITHMETIC 
MEANS OF ALL SAM P LES WITHIN 
AN INTERVAL,GENERALLY OF 
PEBBLE - LOAM. A FEW LITHOLOGY 
FIGURES FROM SAND ANO GRAVEL 
INTERVALS ARE INCLUDED, TEXTURE 
DATA FOR SAND AND GRAVEL 
INTERVALS NOT INCLUDED. 
HOR IZO NTAL SCALE 1:2so,ooo 
DA TU M GROUN D SURFACE 
N- 1306 




(14) 32 38 30 
G .48 74 
(7) 23 44 29 
V .52 38 
(8) 34 37 30 










Depth in feet 












Depth in feet 
N-1910 
26 55 19 
H .65 17 
D 29 47 24 
.59 44 
V 
C 35 45 20 
.72 58 
? 
17 46 37 
.68 43 
7 35 47 18 
.69 42 
N-1912 
D 23 40 37 
.58 43 
G 0 27 33 
64 
V 30 39 31 
-· .67 32 
-· 
C 55 31 14 
•• .60 61 
• • • • • 
? 
.65 37 
·--· ·-·-.. ·--· ·--· ·--· ·--· ·--· ·-
FROM ROLLA TO INKSTER 
N-1913 
36 54 !CJ) 
H .63 27 
22 55 25 
D .54 4 
G 22 55 25i 
.67 83 
-· ·--· --·-









' ,, ,_ 
, 
N-1230 
D (7) 35 39 27 
.60 37 
N-597 N-596 N-1229 N-598 N-582 
15) 33 42 2 (7129 6 25 D 
N-592 
D (7) 36 39 26 
.67 40 
N-1594 N-1578 N-617 
D 
(8)35 40 25 
.66 47 
0(19)4523 3 
.57 66 D 
D D 62 
8)3336 30 ·59 33 . 
D 
D (10)36 4:2 2 23 43 34 
.60 35 ,,, 
.62 38 ,, 
G (16) 34 52 I 
.64 82 
.6641 ,R~--tt.(=:-:-7)3,:---,.34wl ---1JL~--------rc~1-0:( I) ~rs 
G .52 81 G 12) 34 36 30 · 0 83 
G (9) 32 36 3 1, .68 56 
2 59 64 /~ 
' 




G (9) 35 4 
.61 68 
i 
; (8) ~3 43 34 E XPLANA T/0/V 
. .62 02 
S1 rat1graph1c Units 
{El HANSBORO FORMATION 
IT] FALCONER FORMATION 
[ID DAHLEN FORMATION 
I.ID GARDAR FORMATION 
ty1 VANG FORMATION 
l!1 TIBER FORMATION 
{g CANDO FORMATION 
m ' UNNAMED UNlTS 
® PIERRE FORMATION 
Lit hologic Symbols 









Numbers to Right of ColU1mns 
UPPER NUMBER IN EACH PAIR 
REPRESENTS TEXTURE: 
; (GRAVEL), SAND, SILT, CLAY 
SAND+SILT+ CLAY =100°/0 
' LOWER NUMBER IN EACH PAIR 
'· REPRESENTS LITHOLOGY OF THE 
• COARSE SAND (l-2mm) 
NORMA LIZ ED_,CRYST ALLIIIJE,SHIALE 
,, ABOVE FIGURES ARE ARITHMETIC 






AN INTERVAL,GENERALLY OF 
PEBBLE-LOAM. A FEW LITHIOLOGY 
FIGURES FROM SAND AND GRAVEL 
INTERVALS ARE INCLUDED, TEXTURE 
DATA FOR SAND ANO GRAVEL 
INTERVALS NOT INCLUDED. 






F (5)40 45 15 
.61 31 40 
(10) 44 36 23 
D .58 49 
60 
(7)36 44 20 
G .58 72 
80 
G 
(5) 30 37 33 
.60 53 - 100 
(6) 31 37 32 
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